HeLa cell nuclear DNA contains an unexpectedly large amount of long pyrimidine polynucleotides.
released. The largest pyrimidine oligonucleotides previously isolated from animal cell DNA contain 15-20 nucleotides (3) (4) (5) . Small amounts of longer polynucleotides have been detected but not defined. Because relatively long polyadenylate segments (6) (7) (8) (9) (10) (11) and uridylate-rich regions (12) have been found in cellular RNA, we have examined pyrimidine polynucleotides in HeLa cell nuclear DNA to see if corresponding sequences could be detected. Pyrimidine polynucleotides were separated according to chain length by polyacrylamide gel electrophoresis and, unexpectedly, a large amount of long polynucleotides was found. Since their size and amount differ very greatly from that predicted assuming a random distribution of pyrimidines, they may represent sequences of special significance in the genome. When annealed with commercial poly(A), almost no pure poly(dT) sequences could be detected.
MATERIALS AND METHODS
Preparation of ['HIDNA. HeLa cells used in these experiments were grown in spinner culture in Eagle's minimal essential medium with 5% calf serum without antibiotics. 400 ml of cell suspension (3 X 105/ml) were incubated with [methyl-'H ]thymidine at a concentration of 1 gCi/ml, 0.5 AM, for 24 hr. Nuclei were isolated as described by Penman (13) ; the nuclear pellet was suspended in 0.5 ml of hypotonic buffer (10 mM NaCl-10 mM Tris HCl-3 mM MgCl2) and rapidly mixed with 8 ml of lysing solution [1 M LiCl,  (2) . The DNA (500-750 Ag) was dissolved in 0.5 ml of water. 1.5 ml of 90% formic acid-2.7% diphenylamine was added. The mixture was incubated at 300 for 18 hr in a darkened, glass-stoppered tube. Formic acid and diphenylamine were removed by a modified ether extraction procedure since the standard method (2) led to preferential losses of high molecular weight DNA fragments. 1 ml of a solution containing 10 M urea, 1 M sodium acetate, and 100 Mg of tRNA was added to the hydrolysis mixture; it was extracted three times with 5 ml of ether. The extraction tube was rinsed with 1 Loening (14) , with 8% acrylamide, 0.4% bisacrylamide in his "E buffer". Precipitated nucleotide material was dissolved in 50 Ml of sample buffer (5% sucrose, 0.5 X E buffer, 0.02% bromphenol blue) and applied to the surface of a 0.625 X 7-cm gel. Electrophoresis was continued until the blue dye marker had migrated 6.0 cm. The gel was sectioned into 2-mm slices (15) which were collected in glass scintillation vials containing 1 ml of 0.7 M NH4OH-9% H202.
To solubilize the gel, the vials were secured with polyethylenelined, aluminum caps (Amersham-Searle Corp.) and heated in an oven at 800 for 2-3 hr. The samples were cooled, and 10 ml of dioxane-based scintillation fluid (1 liter of dioxane, 155 g of naphthalene, 6 g of Omnifluor, 30 ml of water, and 10 ml of Nuclear-Chicago NCS reagent) was added. Recovery of 3H cpm, as [3H]poly(dT) added to a gel, was 84%. In addition to high efficiency, complete solubilization of sample, and low cost, this procedure does not give high backgrounds associated with other methods using H202 (16) .
In some experiments, [3H Ipolynucleotides were eluted from gel slices by shaking with 1 ml of 0.01 M Na2CO3 for 2 days. The nucleotide material was precipitated with cetyltrimethylammonium bromide (17) . This (Fig. 3a) . Cpm in each fraction are expressed as a percentage of total cpm in the DNA from which the polypyrimidine nucleotides were prepared. The cumulative plot is intended to show the percentage of total thymidine residues that are to be found in polypyrimidine sequences of a certain size and greater. For example, about 0.5% of the thymidine residues are present in polynucleotides that migrate more slowly than 4S (Fig. la and 2) . The presence of long pyrimidine polynucleotides (chain length greater than 30-40) was unexpected on the basis of a random distribution of pyrimidine nucleotides. For example, a random distribution would predict (5) that a pyrimidine polynucleotide of chain length 30 would account fop 1.4 X 10% of total pyrimidines; for chain length 40, the value is 1.8 X 10-9%; and for chain length 50, the value is 1.8 X 10-zi%. By contrast, the data of Fig. 2 show that about 0.6% of the thymine label was in pyrimidine poly- nucleotides of a size greater than transfer RNA. Despite uncertainties about the exact size-mobility relationship of these polynucleotides relative to the markers used, the amount of these polypyrimidines is clearly unexpectedly large.
Several lines of evidence suggest that the 8H radioactivity was in fact in thymine-containing pyrimidine polydeoxynucleotides. No such material was found in acid digests of E. coli ['H ]DNA (Fig. la) . (iv) Material eluted from a gel and treated again with formic acid-diphenylamine had a similar mobility on a second gel (Fig. 3b, and c) (Fig. 3a) . Taken together, these data indicate that small amounts of long pyrimidine polynucleotides do indeed exist in HeLa cell nuclear DNA. The exact origin of these sequences is unknown, but the improbability of their occurrence leads us to speculate that they may be of special significance. It would be of interest to establish if they form part of a discrete satellite DNA band or whether they are broadly distributed throughout the genome. In this connection, it should be noted that known initiating and terminating codons contain both purines and pyrimidines and, therefore, cannot be accommodated in these sequences.
As a preliminary step in the further characterization of estimate a maximum of 0.0044% of thymine residues or 0.0015% of total residues in DNA to be in poly(dT) sequences.
The data are incompatible with a transcriptional origin of polyadenylate segments in cellular RNA. Poly(A) segments are considered to be about 200 nucleotides long (8, 11, 21) and are associated with the majority of mRNA molecules (19, 20) .
By contrast, the entire haploid genome, which has been estimated to contain 30,000 or more structural genes (22, 23) , can contain no more than 200-400 sites of poly(dT) of a size corresponding to cellular poly(A). Pyrimidine polynucleotides that form an unstable complex with poly(A) are detectable in both Figs. 4 and 5. In the experiment of Fig. 5 , about 0.02% of the thymine in DNA was recovered in the 55-66°fractions. In the first hydroxyapatite column of the same experiment (data not shown), 0.5% of the 'H cpm were recovered in the 35-58' fraction. These probably represent thymidylate-rich regions and may be complementary to deoxyadenylate-rich sequences that have been detected in mammalian DNA (24) .
